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TECHNICAL MEMORANDUM

AN EVALUATION OF THE GENERAL DYNAMICS 20 kHz 5 kW BREADBOARD FOR
SPACE STATION ELECTRICAL POWER AT MSFC

INTRODUCTION

In January 1988, General Dynamics Space Systems Division, San Diego, California,
delivered to Marshall Space Flight Center, Electrical Power Systems Team (EB12) a 20 kHz, 5
kW, AC Power Processing Breadboard. This breadboard takes 120/208 Vac, 3-Phase, or 200 Vdc
Power, converts it to 440/762 Vac, 3-Phase (or 1-Phase) power on a 50 meter transmission bus,
then converts it to five “user oriented” forms of power.

The breadboard is comprised of the following components:

Driver Modules (3 total), 1667 W each
Input: 120/208 Vac, 3-Phase, 60 Hz, or 200 Vdc
Output: 440 Vac, 20 kHz

Inverter Fault Isolation Switches (6 total)
Computer Controlled

Power Bus (2 total), Single or Three Phase
Length: 50 meters

User Load Modules (5 total)

120 Vac, 60 or 416 Hz, 500 W, Single Phase

120/208 Vac, 416 Hz, 1 kW, Three Phase

120/208 Vac, 13-3333 Hz, 1 kW, Three Phase

28 Vdc, 1 kW

150 Vdc, Bi-Directional, 1 kW
Input/Output: 440 Vac, 20 kHz, Three Phase
Output/Input: 150 Vdc

User Load Fault Isolation Switches (14 total)
Computer Controlled

Control and Fault Isolation Computers
Inverter Control Computer and Software
Load Control Computer and Software
User Interface Console Printer and Software [1].

Figure 1 is a block diagram of the breadboard. This paper will discuss the total harmonic
distortion of the DC Receiver measured at both ends of the 50 meter-line, and harmonic traps as a
solution to the problem of different waveforms at each end of the line.




The problem of ground circulating currents will also be addressed.

DISCUSSION

The Total Harmonic Distortion (THD) at both ends of the 50-meter transmission line was
measured using a Tektronix 7854 oscilloscope and waveform calculator under two conditions: with
only one driver on and with all three drivers on. Both of these conditions were measured at two
different power levels: 1/2 kW and 1 kW.

Figures 2 and 3 show current and voltage traces at the driver and receiver ends of the
50-meter cable using only one driver at 1/2 kW and the V and I THD percentage values at each
point. Figures 4 and 5 show these measurements at 1 kW. Figures 6 and 7 show traces with three
drivers on at 1/2 kW, and Figures 8 and 9 show traces with three drivers at 1 kW.

As these figures show, the voltage THD increased from the driver to the receiver end,
which was to be expected with a nonlinear load.

The current THD, however, was greater at the driver end because of harmonic amplification
caused by resonant parasitics in the transmission line [2].

In order to filter the distortion on the line, an RLC Filter was constructed. Figure 10 shows
the actual harmonic trap used. A transformer was used to make instrumentation easier and safer for
the user, by being able to tie to the oscilloscope’s ground. Figure 11 shows a dual trace of currents
at the driver and receiver ends before harmonic damping and Figure 12 shows the same traces with
harmonic damping. As Figure 12 shows, the harmonic trap greatly reduced the distortion in the
line.

The systems ground currents were measured and the highest value was 0.92 A. Although no
definite explanation was found for such high ground currents, one reason suspected is SCR’s not
being electrically isolated from their heat sinks.

Isolation of all the power semiconductors from their heat sinks would offer a partial solution
to the circulating ground current’s high value, however, it would not necessarily lower them to a
safe and acceptable level.

CONCLUSION

The GD Breadboard was useful in that it brought to light several problems associated with a
20 kHz Power System.

The two main problems discussed in this paper, harmonic distortion and ground current,
demonstrate that this 20 kHz power system may not be suitable for utility space applications.



(3]
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Figure 2. Driver end, I/2 kW. I driver. Iy, = 24.8 percent,
Vonp = 2.75 percent.
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Figure 3. Receiver end, 1/2 kW, 1 driver, Ityp = 21.1 percent,
Viup = 3.04 percent.
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Figure 4. Driver end, 1 kW, | driver, Iy, = 46.8 percent,

Vinp = 4.16 percent.

Figure 5. Receiver end, I kW, | driver, Ity = 20.7 percent.
Viup = 5.82 percent.
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Figure 6. Driver end, 1/2 kW. 3 drivers. Iy, = 27.11 percent,
Vrup = 2.42 percent.

Figure 7. Receiver end, 1/2 kW, 3 drivers, Iy = 20.5 percent,
Viup = 2.70 percent.
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Figure 8. Driver end, I kW, 3 drivers. Iy, = 31.43 percent,
Vrup = 2.58 percent.

Figure 9. Receiver end, 1 kW, 3 drivers, 2 A/DIV, Ity = 20 percent.

Vinp = 3.27 percent.
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Figure 10. Harmonic trap.
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Figure 11. Receiver and driver currents before damping.

Figure 12. Receiver and driver currents with harmonic damping.
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